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_RUBBER COMPOSITION FOR HOSE. AND HOSE 



Technical Field 
This invention relates to a rubber composition comprising 
a nitrlle rubber and an epihalohydrin rubber . More particularly 
it relates to a rubber composition for hoses oomprleinq a 
specific nitrlle rubber, epihalohydrin rubber and a specific 
crossllnklng agent, which has enhanced resistance to fuel oil 
permeation and cold resistance . This Invention further relates 
to a hose having a layer comprised of a crosslinked product of 
the rubber composition for hoses. 

Background Art 
For fuel hoses of automobiles, enhanced resistance to fuel 
oil permeation and cold resistance are required for controlling 
dissipation of fuel oil such as gasoline into the air and 
preventing embrittlement under severe cold conditions, for 
example, at a temperature of -ao^C. As rubber materials for fuel 
hoses, nitrlle rubber, a polyblend of nltrile rubber and vinyl 
Chloride resin (PVC) and epihalohydrin rubber are widely used. 

in recent years, regulations for controlling automobile 
exhaust have become tightened to preserve the environment . Thus 
hoses having good resistance to fuel oil permeation are desired ' 
As techniques for enhancing the resistance to fuel oil permeation, 
there can be mentioned an attempt of increasing the wall 
thickness of hoses and an attempt of using a rubber material 
having excellent resistance to fuel oil permeation. However, 
the increase of the wall thickness of hoses contradictory to 
requirement of weight-saving of automobiles. Recent tendency 
of miniaturization and high Integration of automobile engines 
makes it difficult to install hoses with a thick wall within 
a limited space. Therefore a rubber material exhibiting 
excellent resistance to fuel oil permeation is eagerly desired. 
TO comply with the above - requirement , in the case of 
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nitrlle rubber hoses, an attempt of Increasing the content of 
a, i3 -ethylenlcally unsaturated nitrile monomer units in the 
nitrile rubber is considered. This attempt enhances the 
resistance to fuel oil permeation, but reduces the cold 
resistance. Thus the hoses cannot be used in cold districts. 

In the case of hoses of the nitrile rubber /vinyl chloride 
resin, an attempt of increasing the content of a, (3- 
ethylenically unsaturated nitrile monomer units in the nitrile 
rubber and an attempt of increasing the proportion of PVC resin 
in the polyblend are considered. These attempts contribute to 
enhancement of the resistance to fuel oil permeation, but the 
cold resistance is reduced. Further PVC is not desired from the 
viewpoint of environment preservation . 

In the case of hoses of epihalohydrin rubber, the 
resistance to fuel oil permeation increases with an increase 
of the content of epihalohydrin units in the rubber, but, the 
resistance to fuel oil permeation is sometimes not to the desired 
even though the rubber is an epihalohydrin homopolymer* That 
is, an improvement of resistance to fuel oil permeation to the 
satisfying extent has been difficult. Further, the increase of 
the epihalohydrin unit content in the rubber leads to reduction 
of the cold resistance. 

Disclosure of the Invention 
In view of the foregoing, sin object of the present 
invention is to provide a hose having improved resistance to 
fuel permeation and cold resistance, and further to provide a 
rubber material used for the production thereof. 

The present inventors made extensive researches l:o 
achieve the above-mentioned object , and have found that a rubber 
composition comprising a specific nitrile rubber (A), 
epihalohydrin rubber (B) and a specific croeslinking agent, 
wherein the ratio in amount of nitrile rubber (A) /epihalohydrin 
rubber (B) is in a specific range, exhibits enhanced resistance 
to fuel consumption and cold resistemce. Based on this finding. 
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the present Invention has been completed. 

Thus, In aocordanoe with the present Invention, there Is 
provided a rubber composition for a hose, which comprises a 
nltrile rubber (A) comprising 45 to 55% by weight of oi, jS- 
ethylenically unsaturated nltrile monomer units and 55 to 45% 
by weight of conjugated dlene monomer units, an eplhalohydrin 
rubber (B) , and a cross linking agent (C^^) for the nit rile rubber 

(A) and/ or a cross linking agent (Cg) for the eplhalohydrin rubber 

(B) ; the amount of the nltrile rubber (A) being in the range 
of 25 to 80% by weight based on the sum of the nltrile rubber 
(A) and the eplhalohydrin rubber (B); and further provided a 
hose having a layer comprised of a crosslinked product of the 
rubber composition. 

Best Mode for Carrying Out the Invention 

The rubber composition for a hose of the present invention 
comprises a nltrile rubber (A) comprising 45 to 55% by weight 
of a, J3 -ethylenioally unsaturated nltrile monomer units and 55 
to 45% by weight of conjugated dlene monpmer unite, an 
eplhalohydrin rubber (B) , and a crossllnking agent (C^) for the 
nltrile rubber (A) and/or a crossllnking agent (Cg) for the 
eplhalohydrin rubber (B), wherein the amount of nltrile rubber 
(A) being in the range of 25 to 80% by weight based on the sum 
of nltrile rubber (A) and eplhalohydrin rubber (B) . 

The nltrile rubber (A) used in the present invention 
contains a , jS -ethylenlcally unsaturated nltrile monomer units 
and conjugated dlene monomer units. 

The , i3 -ethylenlcally unsaturated nltrile monomer is not 
particularly limited, and includes, for example, acrylonitrlle 
and methacrylonitrlle. Of these, acrylonitrlle is preferable 
in view of the good resistance to fuel oil. 

The content of ot, iS -ethylenlcally unsaturated nltrile 
monomer units in nltrile rubber (A) is such that the lower limit 
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16 45% by weight, preferably 47% by weight, and the upper limit 
is 55% by weight, preferably 53% by weight. If the content of 
a , Q -ethylenically unsaturated nitrile monomer units is too low, 
the resistance to fuel oil permeation is reduced- In contrast, 
if the content thereof is too high, the cold resistance is 
reduced . 

The conjugated diene monomer is also not particularly 
limited, and includes, for example, 1 , 3-butadiene, 2- 
methyl-1, 3 -butadiene, 1 , 3-pentadiene and 2-chloro-l , 3- 
butadiene- Of these, 1 , 3-butadiene is preferable in view of the 
good cold resistance. 

The content of conjugated diene monomer units in nitrile 
rubber (A) is such that the lower limit is 45% by weight, 
preferably 47% by weight, and the upper limit is 55% by weight, 
preferably 53% by weight. If the content of conjugated diene 
monomer units is too low, the cold resistance is reduced. In 
contrast, if the content thereof is too high, the resisjtance 
to fuel oil permeation is reduced* 

The nitrile rubber used in the present invention may 
contain other oopolymerizable monomer units. The 
copolymerizable monomer includes, for example, o; -olefin 
monomers, a , /3 -ethylenically unsaturated oarboxylic acid 
monomers , a , 3 -ethylenically unsaturated carboxylic acid ester 
monomers , a , 3 -ethylenically unsaturated carboxylic acid amide 
monomers, vinyl aromatic monomers, carboxylic acid ester 
monomers of a , /3 -ethylenically unsaturated alcohols, a , /3 - 
ethylenically unsaturated ketone monomers and o: , 3 - 
ethylenically unsaturated ether monomers. 

As specific examples of the a -olefin monomer, there can 
be mentioned ethylene, propylene and 1-butene. 

As specific examples of the a , jS -ethylenically 
unsaturated carboxylic acid monomer, there can be mentioned 
monocarboxylic acids such as acrylic acid and methacrylic acid; 
polycarboxylic acids such as maleio acid, fumaric acid and 
itaconic acid; and partial esters of polycarboxylic acids such 
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as monobutyl fumarat© ester, monobutyl maleate ester and 
monoethyl itaconate ester. 

As specific examples of the a . /3 -ethylenically 
unsaturated oarboxylic aoid ester monomer, there can be 
mentioned alkyl esters such as methyl aorylate. ethyl acri'late, 
butyl aery late. 2-ethylhexyl aarylate and lauryl methacrylate; 
alkoacy-substituted allcyl esters such as methox-yethyl aoirylate 
and methoxyethoxyethyl aery late; oyano-substituted alkyl 
esters such as cyanomethyl acrylate, 2-cyanoethyl ecrylate, 
2-ethyl-6-cyanohexyl aarylate; hydroxy- substituted alk:rl 
esters such as 2-hydroxyethyl acrylate and 2-hydroxyethyl 
methacrylate; epoxy- substituted alkyl esters such as glycidyl 
acrylate and glycidyl methacrylate; amino- substituted alkyl 
esters such as N,N' -dimethylaminoethyl acrylate; halogen- 
substituted alkyl esters such as l . 1 , l-trif luoroethyl acrylate; 
and complete esters of polycarboxyllc acids such as diethyl 
maleate, dibutyl fumarate and dibutyl itaconate. 

As specific examples of the a , 3 -ethylenically 
unsaturated carboxylic acid amide monomer, there can b<3 
mentioned aery lamlde, methacrylamide , N,N' -dimethylaorylamide , 
N-butoxymethylaorylamlde. N-butoxymethylmethacrylamide , N- 
methylolacrylamide and N,N' -dimethylolaorylamide. 

As specific examples of the vinyl aromatic monomer , there 
oan be mentioned styrene, o -methyls tyrene, ethylstyrene, 
butylstyrene, phenyl s tyrene , vinylnaphthalene , 
vlnylanthracene , butoxystyrene , phenoxystyrene , vinylbenzolc 
acid, vinylsalicyclio acid, aminostyrene , cyanos tyrene, 
nitrostyrene , chlorostyrene and chlororaethylstyrene . 

AS specific examples of the carboxylic aoid ester monomer 
of an a , )3 -ethylenically unsaturated alcohol, there can be 
mentioned vinyl acetate, isopropenyl acetate, vinyl benzoate 
and vinyl chloroacetate . As specific examples of the a , 3 - 
ethylenically unsaturated ketone monomer, there can be 
mentioned vinyl ethyl ketone and vinyl phenyl ketone. As 
specific examples of the a , 3 -ethylenically unsaturated ether 
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monomer, there can be mentioned vinyl methyl ether , vinyl butyl 
ether, vinyl 2-ethylhexyl ether, vinyl phenyl ether, vinyl 
glycldyl ether and allyl glycidyl ether. 

Further, the copolymerizable monomer includes vinyl 
chloride, vinylidene chloride and vinylpyridine • 

The permissible upper limit of the emount of the 
copolymerizable monomer in nitrlle rubber (A) is preferably 10% 
by weight, more preferably 6% by weight. When the amount of the 
copolymerizable monomer is too large, the resulting hoae 
exhibits a reduced elongation and is liable to be cracked or 
broken , when it is used for a long period at a high temperziture . 

The Mooney viscosity (ML^^^, lOO'^C) of nitrlle rubber (A) 
is not particularly limited, but, its lower limit is preferably 
25, more preferably 35 and especially preferably 45, and its 
upper limit is preferably 140, more preferably 120 and especially 
preferably 100. When the Mooney viscosity is too high or too 
low, the processabillty of rubber is degraded. 

EplhalohydTin Rxibber fB^ 

Epihalohydrln rubber (B) used in the present invention 
includes a homopolymer comprising epihalohydrln monomer units, 
copolymers comprising two or more kinds of epihalohydrln monomer 
unitss, and copolymers comprising epihalohydrln monomer units 
and other copolymerizable monomer units . Epihalohydrln rubber 
(B) is preferably an epihalohydrln copolymer containing 
unsaturated epoxide monomer units in view of the mechanical 
strength. 

The epihalohydrln monomer is a compound prepared by 
substituting a hydrogen atom of ethylene oxide with a halomethyl 
group, and includes, for example, epichlorohydrin , 
eplbromohydrin and j3 -methylepichlorohydrin. The 
epihalohydrln monomers may be used as a combination of two or 
more thereof. Of these, eplchlorohydrln is preferable because 
of ease in availability. The content of epihalohydrln monomer 
units in epihalohydrln rubber (B) is usually at least 40% by 
weight - 
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The copolymerlzable monomer used for copolymerlzation 
Includes, for example, allcylene oxides and unsaturated 
epoxides . 

As speaiflc examples of the alkylene oxide, there can be 
mentioned ethylene oxide, propylene oxide, l , Z-epoxybutane, 
1,2" epoxy is obut ane , 2,3- epoxybutane , 1,2- epoxyoct ane , 1,2- 
epoxyhexane , 1,2- epoxy decane , 1,2- epoxy te trade cane , 1,2- 
epoxyhexadeoane , 1,2- epoxyoctadecane , 1,2- epoxyeioosane , 
1, 2-epoxycyclopentane, 1 , 2-epoxyoyolohexane and 1,2- 
epoxycyclododecane . These alkylene oxides may be used as a 
combination of two or more thereof. Of these, ethylene oxide 
and propylene oxide are preferable because of ease in 
availability- 

The unsaturated epoxide includes, example, diene 
monoepoxides , glycidyl ether of a , 0 -ethylenioally unsaturated 
compounds, and glycidyl ester of carboxyl group-containing a , 
i3 -ethylenioally unsaturated compounds. 

As specific examples of the diene monoepoxide, there can 
be mentioned butadiene monoepoxide, chloroprene monoepoxide, 
4, 5-epoxy-2-pentene, epoxy- 1-vinylcyclohexene and 1,2- 
epoxy- 5,9- cyclododeoadiene • 

As specific examples of the glycidyl ether of an a , jS 
-ethylenioally unsaturated compound, there can be mentioned 
vinyl glycidyl ether, allyl glycidyl ether, vinylcyclohexane 
glycidyl ether and o-allylphenyl glycidyl ether. 

As specific exaunples of the glycidyl ester of a carboxyl 
group-containing a , /3 -ethylenioally unsaturated compound, 
there can be mentioned glycidyl acrylate , glycidyl methacrylate , 
glycidyl crotonate, glycidyl 4-heptenate, glycidyl solbate, 
glycidyl linolate, glycidyl ester of 3-cyclohexenecarboxylic 
acid and glycidyl ester of 4 -methyl- 3-cyclohexenecarboxylic 
acid. 

These unsaturated epoxides may be used as a combination 
of two or more thereof. Of these, allyl glycidyl ether and 
glycidyl methacrylate are preferable because of ease in 
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availability. 

The Mooney viscosity (MLi^4, lOO^C) of eplhalohyOrin rubber 
(B) is not particularly limited, but, its lower limit is 
preferably 30 and more preferably 40, and its upper linit is 
preferably 140 and more preferably 90. When the Mooney 
viscosity is too high or too low, the processabllity of rubber 
is degraded. 

The ratio in amount of nitrile rubber (A) and epihalohydrin 
rubber (B) In the rubber composition for a hose of the present 
invention is such that the lower limit of the ratio of nitrile 
rubber (A) to the siam of nitrile rubber (A) and epihalohydrin 
rubber (B) is 25% by weight, preferably 35% by weight and more 
preferably 45% by weight, and the upper limit thereof :Ls 80% 
by weight, preferably 75% by weight and more preferably 70% by 
weight , That is , the lower limit of the ratio of epihalohydrin 
rubber (B) to the sum of nitrile rubber (A) and epihalohydrin 
rubber (B) is 20% by weight, preferably 25% by weight and more 
preferably 30% by weight, and the upper limit thereof is 75% 
by weight, preferably 65% by weight and more preferably 55% by 
weight. If the amount of nitrile rubber (A) is too small and 
the amount of epihalohydrin rubber (B) Is too large, the 
resistance to fuel oil resistance is reduced. In contrast, if 
the amount of nitrile rubber (A) is too large and the ^amount 
of epihalohydrin rubber (B) is too small, the cold resiistance 
is reduced. 

rt-nftfll inking Aoent 

The rubber composition for a hose of the present invention 
comprises as an indispensable ingredient a crosslinlclng agent 
(C;^) for nitrile rubber (A) and/or a orossllnking agent (Cb) for 
epihalohydrin rubber (B) . Of the two crosslinking agents, 
crosslinking agent (C;^) for nitrile rubber (A) is preferable in 
view of the high mechanical strength. More preferably both of 
crosslinking agent (C^) for nitrile rubber (A) and crosslinking 
agent (Cg) for epihalohydrin rubber (B) are contained. 

The amount of the crosslinking agent is preferably in the 
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range of 0 , 1 phr to 8 ptir based on the svim in weight of nitrile 
rubber (A) and epihalohydrln rubber (B) . By the term "phr" as 
used herein we mean the amount expressed by parts by weight per 
100 parts by weight of rubber, i^e., per 100 parts by weight 
of the sum of nit rile rubber (A) and epihalohydrln rubber (B) . 
This term is also used for the amounts of other ingredients 
hereinafter explained. 

CT-Qsglinklng Ag^nt ( C^^^ for Nitrllft Rubber fA) 
The crossliriking agent (C;^) for nitrile rubber includes, 
for example, sulfur- containing crosslinking agents 2ind organic 
peroxide crosslinking agents. Of these, sulfur- containing 
crosslinklng agents are preferable because of good storage 
stability and molding properties of the rubber composition- 

The sulfur-containing crosslinking agent is not 
particularly limited, and includes sulfur and sulfur -donor 
compounds. As specif la examples of the sulfur-donor compound, 
there can be mentioned tetramethylthiuram disulfide, 
tetraethylthiuram disulfide , dipentamethylenethiuram 
disulfide, morpholine disulfide and alkylphenol disulfide. Of 
the sulfur- containing crosslinking agents , sulfur is preferable. 
The amount of the sulfur-containing crosslinking agent is such 
that the lower limit is 0.1 phr and preferably 0.3 phr and the 
upper limit is 10 phr, preferably 8 phr and more preferably 7 
phr. 

A crosslinking accelerator and accelerator activator can 
be used in combination with the sulfur- containing crosslinking 
agent • 

As the crosslinking accelerator, those which are 
conventionally used for nitrile rubber are mentioned. The 
crosslinking accelerator preferably includes thiurem 
accelerators, thiazole accelerators and sulfenamide 
accelerators. As specific examples of the thiuram accelerator, 
there can be mentioned tetramethylthiuram monosulfide, 
tetramethylthiuram disulfide, tetraethylthiuram monosulfide 
and tetraethylthiuram disulfide. As specific examples of the 
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thiazole accelerator, there can b© mentioned 2t 
mercaptobenzothlazole and dibenzothiazyl disulfide. Ah 
specific examples of the sulfenamide accelerator, there can be 
mentioned N-cyclohexyl-2"benzothla2ylsulf enaraide and N- 
oxYdiethylene-2-benzothlazylsulf enamide . These crosslinking 
accelerators may be used as a combination of at least two thereof . 
The amount of the crosslinking accelerator is preferably not 
larger than 12 phr and more preferably not larger than 10 phr. 

The accelerator activator is not particularly limited, 
and include, for example, fatty acids, fatty acid metal salts 
and metal oxides. As specific examples of the fatty acid, there 
can be mentioned stearic acid, oleic acid and lauric acid. As 
specific examples of the fatty acid metal salts , there can be 
mentioned zinc salts of the above-recited fatty acids. The 
amounts of fatty acid and fatty acid zinc salt are preferably 
not larger than 5 phr and more preferably not larger than 3 phr. 
As specific examples of the metal oxides, there can be mentioned 
zinc oxide and magnesixam oxide. The amount of metal oxide is 
preferably not larger than 15 phr and more preferably not larger 
than 10 phr. 

The organic peroxide crosslinking agent is not 
particularly limited, and, as specific examples thereof, there 
can be mentioned dicumyl peroxide, di-t-butyl peroxide, t- 
butylcumyl peroxide, benzoyl peroxide, 2 , 4-dichlor ©benzoyl 
peroxide, 2,5-dimethyl-2,5-di(t-butylperoxy)-hexyne-3, 1,1- 
di - ( t - butylper oxy ) - 3 , 3 , 5 - t rime thy Icyclohexane , 1 , 3 - di ( t - 
buty Iperoxyis opropyl ) benzene , 2,5- dimethyl- 2 , 5 - 
di(benzoylperoxy)hexane and t-butylperoxy benzoate. These 
organic peroxide crosslinking agents may be used as a combination 
of at least two thereof. The amount of organic peroxide 
crosslinking agent is such that the lower limit is 0.1 phr and 
preferably 0.2 phr, and the upper limit is 10 phr, preferably 
8 phr and more preferably 5 phr. 

In combination with the organic peroxide croslinking 
agent, a compound having at least two cross -linking unsaturated 
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bonds In the molecule can be used as a crosslinklng activator. 
As specific examples of the arosslinking activator, the:ce can 
be mentioned ethylene dimethacrylate, diallyl phthalat-a, 
N,N-m-phenylene dimaleimide, divinylbenzene , trlallyl 
isocyanurate, trimethylolpropane trimethacryalte and liquid 
vinyl polybutadiene . These crosslinklng activators may be used 
as a combination of at least two thereof- The amount of 
crosslinklng activator is preferably not larger than 10 ppm and 
more preferably not larger than 5 ppm- 

rr-r.flfliinTrinQ Aaent (c^\ for F.nl hfll obvdrln Rubber (A) 
The cross linking agent (€3) for epihalohydrln rubber 
includes, for example, thioureas, triazines, quinoxalinss and 
amines. Of these, thioureas and triazines are preferable in 
view of the crosslinklng property. As specific examples of the 
thioureas, there can be mentioned ethylene thiourea, 
diethylthiourea , dibutyl thiourea , dilaurylthiourea , 
trimethyl thiourea and dipheny Ithlourea . Of these, ethylene 
thiourea is preferable- The triazines used are triazine 
compounds having at least two mercapto groups, which may have 
a substituent such as, for example, alkyl group, alkylaminc group 
or dialkylamino group, each alkyl group having 1 to 10 carbon 
atoms. As specific examples of the triazines, there can be 
mentioned 2, 4 ,6-trimercapto-s- triazine, 2-methyl-4 , 6- 
dimercapt o - s - triazine , 2 - ethylamino -4,6- dimer capt o - s - 1 raz ine 
and 2-diethylamino-4,6-dimeroapto-s-triazine, Of these, 
2,4,6-trimercapto-s-triazine is preferable. The quinoxalines 
include 2 ,3-dimercaptoqulnoxaline compounds and 
quinoxaline-2,3-dithloaarbonate compounds. These compounds 
may have an alkyl substituent with 1 to 4 carbon atoms. As 
specific examples of the quinoxalines, there can be mentioned 
2 , 3'dimeroaptoqulnoxaline , quinoxaline-2 , 3-dithiocarbonate , 
6-methylquinoxaline-2 , 3-dithiocarbonate , 6- 
isopropylquinoxaline- 2, 3-dithiocarbonate and 5,8- 
dimethylquinoxaline- 2 , 3-dithiocarbonate , The amines include 
polyamine compounds having 2 to 20 carbon atoms. As specific 
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examples of tlie amines, there can be mentioned hexaraethylene 
diamine, triethylene tetramine, tetraethylene pentfeimins, 
N , N ■ -dicinnamylidene- 1 , 6 -hexanediamine , hexamethylene diamine 
carbamate and 4,4' -methylenebis ( cyclohexylamine ) carbamate . 
The amount of the crosslinklng agent (Cg) for eplhalohydrin 
rubber Is such that the lower limit is 0 . 1 phr and preferably 
0.2 phr, and the upper limit is 8 phr and preferably 5 phr. 

An acid acceptor and a croselinking accelerator can be 
used in combination with the crosslinking agent (Cg) for 
eplhalohydrin rubber. 

The acid acceptor includes, for example, oxides, 
hydroxides, oaxbonates, carboxylates , silicates, borates, 
metaborates and phosphites of metals of group II of the periodic 
table; oxides, basic carbonates, basic carboxylates , basic 
phosphites, basic sulfites and tribasic sulfates of metals of 
group IVA of the periodic table; and hydrotalcites repreiaented 
by the general formula: MgxAly(OH)2x*3Y-2C03'WH20 wherein X is a 
number of 1 to 10 , Y is a number of 1 to 5, and w is a real number. 
As specific examples of the acid acceptor, there can be mentioned 
magnesium oxide, magnesium hydroxide, barium hydroxide, 
magnesium carbonate, barium carbonate-, calcium oxide 
(quicklime) , calcium hydroxide (slaked lime) , calcium carbonate, 
calcium silicate / magnesiiam metaborate, calcium metaborate, 
barium metaborate, calcium stearate, zinc stearate, tin 
stearate, calcium phthalate, calcium phosphite , zinc oxide, tin 
oxide, basic tin phosphite, Mg4^5Al2(OH)i3C03-3-5H2O, 
Mg4 5AI2 ( OH ) 13CO3 and Mg^Ala { OH ) i^COa • AH^O - The amount of the acid 
acceptor is preferably not larger than 20 phr and more preferably 
15 phr. 

The crosslinklng accelerator includes, for example, 
organic bases having a dissociation constant pKa of at least 
1, salts of organic bases capable of producing bases having a 
dissociation constant pKa of at least 7, and organic acid salts 
having a dissociation constant pKa of at least 7 (see Dai Yuki 
Kagaku, compiled under the supervision of Mujio Kotake, annex 
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vol, 2 [Manual of Constants in Organic Chemistry], p58!>-613, 
published by Asakura Shoten) • As examples of the organic bases , 
there can be mentioned aliphatic amines and aromatic aiaines, 
which have 1 to 20 carbon atoms, guanidines having a substituent 
such as an alkyl or aryl group having 1 to 10 carbon atoms, and 
nitrogen-containing cyclic compounds having 3 to 20 carbon 
atoms . 

As specific examples of the organic gases, there can be 
mentioned benzylamine, dibenzylamine, guanidine, 
diphenylguanidine , diorthotolylguanidine , piperidine , 
pyrrolidine, l,8-dia2a-bicyclo(5,4,0)undecene-7 (DBU) and 
N-methylmorpholine • The organic gases are not limited thereto . 
Of these, diphenylguanidine and 1,8-diaza- 
bicyclo(5,4,0)undecene-7 are preferable. 

As examples of the salts of organic bases, there can be 
mentioned carbonate salts, phenol salts, hydrochloride salts, 
sulfate salts and oxalate salts of the above-recited organic 
bases. As examples of the organic acid salts, there can be 
mentioned soditim salts, potassium salts, zinc salts and 
piperidine salts of dithiocarbamic acids. The dithiooarbamic 
acids include dithiocarbamic acid compounds having a 
substituent such as an alkyl or aryl group having 1 to 10 carbon 
atoms • As specific examples of the dithiocarbamic acid 
compounds, there can be mentioned dlmethyldithiocarbamlc acid, 
diethyldithlocarbamic acid, dibutyldithiocetrbamic acid, 
ethylphenyldithiocarbamic acid and dibenzyldithiocarbamic acid. 
The amount of the crossllnking accelerator is preferably not 
larger than 8 phr and more preferably 5 phr, 
ntbftr Ingredients 

The rubber composition of the present invention can 
contain other ingredients such as a relnforcer, a filler, a 
plasticlzer, an antioxidant, a crosslinking retarder and a 
processing aid. 

The reinforcer Includes, for example, carbon blaok and 

silica. 
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The filler Includes, for example, caloiuni carbonate, clay 
and talc. 

The plastlolzer includes, for example, di{butoxy- 
ethoxyethyl) adipate, di( 2-ethylhexyl) adlpate and dl-(2- 
ethylhexyl ) phthalate • 

The antioxidant includes, for example, 2- 
tnercaptobenzimidazole, a polymerized product of 2,2,4- 
triethyl-l , 2-dihydroquinollne and nickel 
dibutyldithiocarbamlc acid. 

The crosslinking retarder includes, for example, N- 
cyclohexylthiophthalimide, phthalio anhydride and 
acetylsalicylic acid. 

The processing aid includes, for example, fatty acids such 
as stearic acid and hydroxys t ear ic acid, and salts of these fatty 
acids, fatty acid esters such as sorbitan stearate and n -butyl 
stearate, and fatty acid amides such as stearamide, oleylamide 
and laurilamide* 

The amount of these ingredients is appropriately chosen 
depending upon the processing conditions and properties 
required for the crosslinked rubber product. 

The method of preparing the rubber composition for a hose 
of the present invention is not particularly limited. For 
example , the rubber composition is prepared by a method of mixing 
together nitrile rubber (A), epihalohydrin rubber (B), 
crosslinking agent (C^^) for nitrile rubber (A) and/or 
crosslinking agent (Cq) for epihalohydrin rubber (B) , and other 
ingredients by using a kneader such as an open roll, Banbury 
mixer or an internal mixer. The order of mixing the respective 
ingredients is not particularly limited. For example, first, 
nitrile rubber (A) and epihalohydrin rubber (B) are mixed 
together, and then the other ingredients are mixed with the 
rubber mixture; or, each of nitrile rubber (A) and epihalohydrin 
rubber (B) is mixed together with other ingredients, and the 
two rubber mixtures are mixed together. 

The rubber composition for a hose of the present invention 
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preferably exhibits an adequate rubber hardness when it is 
crosslinked. The hardness of a crosslinJced rubber is such that 
the lower limit of the JIS A hardness is preferably 40**, more 
preferably 50^ and especially preferably 60**, and the upper limit 
thereof is preferably 95®, more preferably 90*^ and especially 
preferably 85** • When the hardness of a orosslinked rubber is 
too low, problems sometimes to arise in that the connection 
failure is caused between a hose and a fitting, and a hose is 
bent leading to prevention of flow of fluid stream. In contrast , 
when the hardness of a crosslinked rubber is too high, the hose 
becomes too rigid, and handling and fitting properties 
occasionally becomes poor. The hardness of rubber can be 
adjusted by appropriately choosing the kinds and amounts of a 
crosslinking agent, a crosslinking accelerator, a reinforcer, 
a filler and a plastioizer. 
Hojse 

The hose of the present invention has a layer comiprised 
of a crosslinked product of the rubber composition for a hose 
of the present invention . That is , the hose of the present 
invention has either a single layer structure comprised of a 
crosslinked product of the rubber composition of the present 
invetion, or a multi-layer structure comprising at least one 
layer comprised of a crosslinked product of the rubber 
composition of the present invention. 

The crosslinking of the rubber composition of the present 
invention for the production of a hose is carried out after the 
rubber composition is shaped into a form of hose- 

The shaping of the rubber composition of the present 
invention into a hose form can be carried out by various methods 
and an adequate method can be chosen depending upon the structure 
and shape of hose. The shaping method is not particularly 
limited and includes, for example, an extrusion method using 
a single screw extruder or a multi-- screw extruder, and a molding 
method using an injection molding machine, a transfer molding 
machine or a press molding machine. The shaping conditions 
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employed are appropriately chosen in consideration of 
productivity, viscosity of the rubber composition and the extent 
of progress of crosslinking reaction. Thus shaping tempeirature 
and shaping time are appropriately chosen so that the shapablllty 
is not deteriorated. 

As for the crosslinking conditions, adequate crosslinking 
temperature and crosslinking time 2u:e chosen depending upon the 
particular characteristics of the rubber composition. Usually 
the crosslinking temperature is in the range of SO^'C to 250''c, 
preferably lOO'^C to 230*^0 , and the crosslinking time is in the 
range of 20 seconds to 30 hours, preferably 1 minute to 24 hours. 
According to the need, a secondary crosslinking can be Ciirried 
out , 

The method of heating for crosslinking the rubber 
composition includes, for example, a high-pressure high- 
temperature steam heating method, a high- temperature air 
heating method, a high- temperature co-molten salt heating 
method, a high-frequency heating method, and a method of placing 
the rubber composition within a mold heated by electrical h^^ating . 
Usually the rubber composition of a hose shape is heated within 
a high-pressure can by using high-pressure and high- temperature 
steam. The rubber composition of a hose shape is usually 
prepared by an extrusion method, but, the method of shaping is 
not particularly limited and other methods can be employed. 

To satisfy various properties required for a hose, the 
hose of the present invention may have a layer comprised of a 
crosslinked product of other rubber composition or a layer 
comprised of an oll-reslstant resin. 

The rubber composition used for forming the layer 
contained in combination with the layer formed from the rubber 
composition of the present invention. Includes, for example, 
a nltrile rubber , a hydrpgenated nltrlle , an epihlohydrin rubber , 
a chloroprene rubber, chlorosulf onated polyethylene, 
chlorinated polyethylene, an acrylic rubber and a f luororubber . 
The rubber compositions comprising these rubbers are prepared 
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by incorporating a crosslinking agent and a crosslinking 
activator, which are adequate for the respective rubbe^rs, in 
the rubbers. 

As specific exeunples of the oil-resistant resin, there 
can be mentioned a f luoro-resln, a fluorine -containing 
thermoplastic elastomer, a nylon resin, a thermoplastic 
polyamide elastomer, a polyester resin, a thonnoplastic 
polyester elastomer and a thermoplastic polyure thane elastomer- 
The hose of the present invention may have a reinforcing 
layer comprised of, for example, a natural fiber, a chemical 
fiber or a metal wire . As specific examples of the natural fiber , 
there can be mentioned cotton and linen. As specific exiimples 
of the chemical fiber, there can be mentioned rayon, vinylon, 
nylon, polyester fiber and polypropylene fiber. As specific 
examples of the metal wire, there can be mentioned a stainless 
steel wire and a steel wire. 

When the hose of the present invention has a multl- layer 
structure with adjacent layers comprised of different kinds of 
ingredients, a special adhesive can be applied between the 
adjacent layers or an adhesion- enhancing aid can be incorporated 
in the rubber composition, to improve the inttjr- layer bonding 
force. 

For making a hose having a multi-layer structure, the same 
hose -shaping method can be repeated plural times or a plurality 
kinds of shaping methods can be combined. For example, there 
can be employed a method wherein an innermost rubber composition 
layer of a hose is formed on the peripheral of a mandrel by using 
a first extruder, a reinforcing layer comprised of a polyester 
layer is formed on the peripheral of the Innarmost rubber 
composition layer, and then an outermost rubber composition 
layer is formed on the peripheral of the reinforcing layer by 
using a second extruder - 

The hose of the present invention has a ciosslinked rubber 
layer formed from the rubber composition of the j.resent invention 
and exhibiting well balanced resistance to f u^a permeation and 
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cold resistance. Therefore, the hose of the present invention 
prevents or minimized a liquid fuel such as gaisoline, kerosine 
and gas oil, and gaseous fuel to permeate through the hose wall 
and to be dissipated into the air, and the ho^^e exhibits good 
cold resistance « 

The hose of the present invention can be ujjed, for ex^ample, 
as a fuel oil hose, a fuel gas hose, a lubricating oil hose and 
an air hose. Especially the hose is suitable for use, in which 
the desired hose characteristics are required at a low 
temperature below -30^C, such as automobile parts. 

As specific examples of the hose used as automobile parts, 
there can be mentioned hoses used in a fuel system, a brake system, 
a power- steering system, a control system, an air-conditioning 
system, an air suction system, an oil- cooling system, a clutch 
system and a suspension system. More specifically, the fuel 
system includes, for example, a fuel hose and a fuel inlet hose. 
The brake system includes, for example, a hydraulic brake hose 
and a vacuxam brake hose- The power steering system includes, 
for example, a high-pressure power steering hose and a suction 
hose. The control system includes, for example, a ventilation 
hose and a vacuum- sensing hose. Of these hoses, the hose of the 
present invention is especially suitable for a fuel hose and 
a fuel inlet hose, for which a high resistance to fuel permeation 
is required. 

The invention will now be specifically described by the 
following examples and comparative examples. In these, working 
examples, parts and percents are by weight. 

FiXflmple 1 

(Preparation of Rubber Composition) 

Using a Banbury mixer, 50 parts of nitrile rubber Al, 50 
parts of epihalohydrin rubber Bl, 30 parts of carbon black (#60 
available from Asahi Carbon Co. , Ltd. ) , 1.0 part of stearic acid, 
10 parts of a plasticizer ("Thiokol TP-95'''^ available from 
Morton international Ltd.), 5 parts of zinc oxide (zinc flower 
#1 available from Sakal Chem. Ind. Co., Ltd.) and 1.5 parts of 
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an acid aooeptor (magnesium oxide, "Kyowa Mag 150"^*" available 
from Kyowa Chern* Ind — , Ltd.) were kneaded together. The 
kneaded mixture Was mixed) with 1.0 part of crosslinking agent 
C;^l for nitrlle ^bber-^( sulfur ) , 1,0 part of a crosslinking 
accelerator ( "Nocceler DM"'"* available from Ouchi Shinko 
Chemical Industrial Co., Ltd.) and 2.0 parts of crosslinking 
agent Cgl for epihalohydrin rubber (ethylene thiourea, "Accel 
22"^«, available from Kawaguchi Chem, Ind. Co., Ltd.) by using 
an open roll to prepare a rubber composition* 

(Preparation of Crossllnked Rubber Sheet and Tensile 

Tests) 

The obtained rubber composition was crosslinked at 160*^C 
for 15 minutes by using a steam platen press to prepare a 
crosslinked rubber sheet having a thickness of 2 mm. Tensile 
strength, breaking elongation and hardness of the crosslinked 
rubber sheet were measured according to JIS K630. The results 
are shown in Table 1. 

(Test of Resistance to Fuel Oil Permeation of Crosslinked 
Rubber Sheet) 

Resistance of fuel oil permeation of the crosslinked 
arubber sheet was measured as follows. 50 ml of a test fuel oil 
C (mixture of isooctane/toluene [50/50 by volume]) was placed 
In 100 ml tare volume aluminum cup, and a crosslinked rubber 
sheet cut into a circular shape having a diameter of 61 mm was 
tented on the open-end edge of the cup by a clamp. The cup was 
kept the bottom up at 23'*C within a thermostat . The whole weight 
of the cup was measured at every 24 hours to determine the 
reduction in weight of fuel oil per hour. The measurement was 
repeated until the weight reduction became constant . The amount 
of fuel oil permeated through the crosslinked rubber sheet per 
day was calculated from the contact area of the crosslinked 
rubber sheet with the fuel oil, and the thickness of the 
crosslinked irubber sheet. The fuel oil permeation as measured 
on the crosslinked rubber sheet is shown in Table 1. The smaller 
the measured value for fuel oil permeation, the more excellent 
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the crossllnked rubber sheet in resistance to fuel oil 
permeation. 

(Test for Cold Resistance of Crossllnked Rubber iSheet) 
Cold resistance of the crossllnked rubber shoet was 
measured by a low- temperature impact brittleness testing method 
according to JIS K6301- The low- temperature impact brittle 
point is shown in Table 1. The lower the low- temperature impact 
brittle point, the more excellent the crossllnked rubber sheet 
in cold resistance. 

(Production of Hose) 

The rubber composition was extruded into a tube Taaving 
an inner diameter of 10 mm and a wall thickness of 2.0 mm by 
using a single- screw extruder. A metal mandrel having an outer 
diameter of 10 mm was inserted into the rubber tube. The rubber 
tube/metal mandrel composite was placed in a pressure-resistant 
can, and then heated at leo'^C for 45 minutes by high-pressure 
steam heating to be thereby crossllnked. Thereafter the mandrel 
was drawn from the rubber tube to make a cylindrical hose having 
a single layer structure. 

(Test of Resistance to Fuel Oil Permeation of Hose) 
Resistance of fuel oil permeation of the hose was measured 
as follows. The hose was cut to a length of 200 mm. A metal 
rod having a diameter of 10 mm and a length of 20 mm was inserted 
into one end of the out hose, and the metal rod- inserted end 
portion was sealed with a teflon tape- 12 ml of fuel oil C was 
introduced into the hose through the open end thereof, and then 
this end portion was sealed in the same manner as the metal 
rod-inserted end portion. Then the hose was left to stand at 
23^C for 48 hours within a thermostat. The fuel oil permeation 
was calculated from the weight of the oil -introduced hose as 
measured before and after the standing at IZ'^C for 48 hours . The 
fuel oil permeation as measured on the hose is shown in Table 
1. The smaller the measured value for fuel oil permeation, the 
more excellent the hose in resistance to fuel oil permeation. 
(Test for Cold Resistance of Hose) 
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Cold resistance of the hose was measured as follows . The 
hose out Into a length of 200 mm was left to stand for 2 hours 
within a thermostat maintained at a predetermined temperature. 
Flexural test was conducted at a folding angle of 90*^ while the 
hose was maintained at that temperature. After the te£3t, 
occurrence of cracks was examined. The test temperatusre was 
-30''C and -SS^'C. The test results are shown in Table 1. Rating 
"A" means that crack occurrence was not observed, and rating 
"B" means that crack occurrence was observed. When crack 
occurrence is not observed at a lower temperature, the hose is 
excellent in cold resistance. 

y!vAmpleg Comp;^rflt1Vft Kxamples 1-3 

The teste were conducted In the same manner as in Examples 
1 except that the rubber compositions shown in Tables 1 and 2 
were used with all other conditions remaining the same- The 
results obtained in Examples 2-4 are shown in Table 1, and the 
results obtained in Comparative Examples 1-3 are shown in Table 
2. 
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Table 1 



Example No. Examples 



Compogltlon (parts) 
Nitrile rubber Al*^ 

Acrylonitrlle unit content: 53% 50 - - 40 

Nitrile rubber A2*^ 

Acrylonitrlle unit content i 50% - 60 70 

Nitrile rubber A3*^ 

Acrylonitrlle unit content: 42.5% 
Epihalohydrin rubber Bl*^ 50 - 30 - 

Epihalohydrin rubber B2*^ -40 - 60 

Crossllnking agent q^^l 

for nitrile rubber i sulfur 1 1 1*5 1 

Crossllnking accelerator*^ 1 1 1.5 1 

Acid acceptor ; magnesixim oxide*^ 1.5 1-5 - 1.5 

Crossllnking agent Cgl 

for epihalohydrin rubber*® 2 2 - - 

Crossllnking agent Cb2 
for epihalohydrin rubber*^ - - - 0.5 

Propert iAft of cr-nBgl 1 nTcAd rubber fihaet 



Permeation of fuel oil C (g-mm/m^ -day) 


195 


205 


214 


225 


Low-temp. Impact brittle point {*'c) 


-28 


-27 


-27 


-32 


Tensile strength (MPa) 


15.2 


15.6 


15.7 


14.8 


Breaking elongation (%) 


290 


310 


350 


330 


Hardness (JIS A) 


69 


71 


70 


71 


pi-oper-tieB of hose 










Permeation of fuel oil C (g/day) 


0.25 


0.29 


0.32 


0.34 


Cold resistance 










at -ao^c 


A 


A 


A 


A 






»^ 


A 


h 
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Tflhie 2 



Example No. Comparative Examplaa 

, 1 2 a-_ 

C!Q^^pQfiit^^r^ f paring ^ 
Nltrile rubber Al*^ 

Acrylonitrile \inlt content: 53% - 90 IC 

Nitrile rubber A2*^ 

Acrylonitrile unit content i 50% - - - 

Nltrile rubber A3*^ 

Acrylonitrile unit content: 42.5% 50 
Epihalohy<arin rubber Bl*^ 50 * 90 

Epihalohydrln rubber 82*^^ , - 

Crosslinking agent Cp^l 

for nitrile rubber t sulfxir 111 
Crosslinking accelerator*^ 111 
Acid acceptor : magnesium oxlde*^ 1.5 1-5 1.5 

Crosslinking agent C3I 

for epihalohydrln rubber*^ 2 2 2, 

Crosslinking agent Cb2 

for epihalohydrln rubber*^ , - - 

Pi-QipftrtlAfi of croHsnnkftd rubber aheet 



Permeation of fuel oil C (g-mm/m^ 


•day) 


365 


190 


345 


Low- temp- impact brittle point 




-32 


-18 


-34 


Tensile strength (MPa) 




14.4 


17.5 


14.3 


Breaking elongation (%) 




320 


340 


530 


Hardness (JIS A) 




66 


72 


69 



PyftpA-rt;laa o€ hose 

Permeation of fuel oil C (g/day) 0.64 0,23 0.59 
Cold resistance 
at -30'*C ABA 
-as^c . h a h — 

Note : 

*1 "Nlpol DN002"'" available from Nippon Zeon Co.. acrylonitrile 
content: 53%. ML1+4, 100**C: 50 
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*2 "Nipol DN003"^ available from Nippon Zeon Co., aciYlonitrile 

content: 50%, MLi^4,100^Cj 73 
*3 "Nipol DNIOIL""" available from Nippon Zeon Co., acrylonitrile 

content: 42.5%, MLi^4 , 100**C: 60 
*4 "Geohron 3100"™ available from Nippon Zeon Co., 

epiohlorohydrin- ethylene oxide-allyl glycidyl ether terpolymer, 

MLi^4,100'='Ci 70 
*5 "Geohron 1100"*" available from Nippon Zeon Co.. 

epiohlorohydrin- ally 1 glycidyl ether copolymer, MLi^4 , 100*^C: 58 
*6 "Nocceler DM"™ available from Ouchi Shinko Chemical Industrial 

COw Ltd-, dibenzothiazyl disulfide 
*7 "Kyowa Mag 150"'**' available from Kyowa Chem. Ind. Co., Ltd., 

magnesium oxide 

*8 "Accel 22"^ available from Kawaguchi Chem. ind. Co., Ltd., 

ethylene thioxirea 
*9 2,4,6-trlraercapto-s-triazlner supplied by Sankyo Kasei Co • , Ltd. 

The rubber oomposition used in Comparative Example 1 
contained a nitrile rubber A3 having an acrylonitrile content 
smaller than that of a nitrile rubber used In the present 
invention. Therefore, the crossslinked rubber of Comparative 
Example 1 Is greatly inferior in resistance to fuel oil 
permeation as compared with the crosslinked rubber of Example 
1. 

The rubber composition used in Comparative Example 2 
contained a nitrile rubber in an amount larger than that in the 
rubber oomposition of the present invention- Therefore, the 
crossslinked rubber of Comparative Example 2 is greatly inferior 
in cold resistance as compared with the crosslinked rubber of 
Example 1 . 

The rubber composition used in Comparative Example 3 
contained a nitrile rubber in an amount smaller than that In 
the rubber composition of the present invention. Therefore, the 
crossslinked rubber of Comparative Example 3 is greatly inferior 
in resistance to fuel oil permeation as compared with the 
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croBSllnked rubber of Example 1 . 

In contrast, the rubber compositions in Examples 1 to 4 
and hoses having a layer comprised of each of the rubber 
compositions have well balanced resistance to fuel oil 
resistance and cold resistance. 

Industrial Applicability 
In accordance with the present invention, there are 
provided a rubber composition capable of forming a hosie having 
excellent resistance to fuel oil resistance and cold resistance, 
and further provided a hose having a layer comprised of said 
rubber composition. The hose of the present invention is 
especially suitable for a fuel oil hose of an automobile. 



